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I. INTRODUCTION

VIS-5D is a system for interactive visualization

of large azmo _ sets such_ those generated by
numeric weather simmons. It is a _Ie ye_ powerful

too! u_ by sci_ forboth analysisand p_entafion

of _ data. VIS-SD isfreeware;one can obtainthe

so,are atno charge,ev__ it,and use itflitfitsone's

needs.

VIS-SD was firstdemo_ at the AMS

annualm_g inJanuary1989 and describedina paper

(Hibbardand Santek1990).Ori_y, ViS-5D was only

av_le on StcRarworsens. Sincethenwe have

ported the softwareto SGI and IBM workstations.

Coupledwi_ the_c drop inprice_for3-D _hic

worksta_ons,the number of _le u_g VIS-5D has

incr_ _y.

Distributed VIS-5D is a variation of VIS-5D

designed for vision in s network environment.
With this system, the data do not have to be on the
workstation to _ it. By sp the program into

two parts which run on a _omputcr _d _hics

worsen, largerdata sets can be visualizedthan

practicalwitha singleworkstation.

2. OVERVIEW OF VIS-5D

VIS-5D works with multi-variable, time varying

data in the form of a fiv_ensional grid. Three

dimensionscorrespondtospace,one dimensionistime,

and anotherdata_mension enum_ multiplephysical

variables.For example, a thunderstormdata set may

contain physical v_les for potential temperature,

pressure,cloudwater,and wind speed sp_g 50 time

stepsand a spatialvolume of Be 30 by 30 by25 grid

points. In this case, the damset would contain 4.5 x I06

data points (4*50*30*30*25). _ a workstation with 256
MB of memory, VIS-SD can visualize data sets containing

asmany as 1.25x 10s points.

* Iso-levd contour surfaces with optional

_arency.
* Ho__ and v_eal contourlinesliceswith

_Icc_le contour inm_al.
* Horizontal md v_c_ color slices with

_ve d_-_Ior _ing.

® ¢._d traje__ trae/ng using a 3-D

cltrsor.

* Horizontaland vertical_d vectorsliceswith

adjustable_g and density.

VIS-5D is completely controlled using a

graphical user _aee. The mouse :isused to rotate,
move, and _ the 3-D volume wh_e buttons, sliders,

and type-inwidgets eo_l program options.

Most data sets vis_ with VIS-5D are lime

v_ymg. The user co_!s _on and single stepping,

either forw_ and b_kw_ m _e. A combination
analog/digital clock in the 3,D vie_g window shows the
current time.

To manage the_!ay of_e physicalvariables

inthevariousformatsthereisa widgetbuttonforevery

possibleeomb_on of variableand depictionformat.

_lemented, the co nu_l panel w_dow contains a
of buttons in which each physical v_able is

represented by a row and each depictionformat is

representedby s column. To displaya verticalcontour
:slice of the v_le _MP o_y .requires clicking on the

button in the TEMP row and vertical contour slice
column. S_ly, if U, V, and W wind components are

available, extra buttons will be present for wind vector

slicesand trajectories.

When the display of any variable is activated, s

pop-up window will appear which contains any applicable

options. For iso,levd contour surfaces, the pop-up
window contains s slider to change the iso-level. For

wind vector slices, the pop-up window contains type-in

widgets to change the vector lengths and density. Only

one options window for each type of .graphic is displayed
ata timetopreventscreenclutter.

The _ee space dirne_ons form a regular-

spaced, ree_gular do_displayed as a 3-D box on the In addition to graphical widgets, direct
screen. The physical variables which comprise the dam manipulation tee_ques are used in VIS-5D. For

sex can be depicted_de the box in the following e_le, thedefa_t locationof a horizontalor vertical
slice is _ugh the center of the box. To move the slice

formats:
toa differentlocationwe lettheuserdrag itdirectlywith
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the mouse. Similarly; when tracing _d trajectory
motions an initial location must be selected in the 3-D

volume. This is done by dragging a 3-D cursor inside the

box using the mouse. We have found that direct

nmnipulalion is the best way to handle these interactions
because it is simple to use and it eliminates extra slider or

dial widgets.

Otherfeatures of VIS-5D include:

• User-definable topographyand _ _es.

® Text annotationswithany selec_ fore.

® Antiali_g, _a_ncy, Linewidth,and fuU-

screenrend_g options.

® Save and _re of current_hics.

® Graceful h__g of __g _.

Because _qS-5D was designedto dealwith a

singetypeofdataitwork veryefficiently._e 5-D grid

dataiscompressedand theinternalrepresentationofiso-

levelcontoursurfaces,slices,etc.isin a compressed

fo_ asweU. _S.5D alsou_es multipleprocessors

to compute the iso-levelcontoursurfacesor slicesfor

each time step in p_el. By using eo_ _cd

parallelprogramming, near Linearspeedups can be

ob_cd by inc_g the number of processors.For

these re.asons a num_ of _le have turnedtoVIS-5D

_r finding that other _on systems are _ slow

or_t _ capacity.

3. VIS-SD IN USE

_S-5D has been usedby atmosphericscientists

attheUniversityofWi__ and othersite.sforsever_

yearsnow. Duringthattimeithas evolvedtoservethree

distinctpurposes:

As a dcbu_g/amdysis _I: Those invoNed in

atmospheric mode_g use VIS-SD as a
diagnostic tool. TypicaUy, after a number of

time steps have accumulated, VIS-5D willbe

used to _y _t the pro_s of the

model. If there is a problem it can be quickly

_overed and diagnosed.

As a teac_g tool: Itisnot uncommon for a

teacherorrese._hertobringgroups ofpeople

intothe _ for a VIS-5D session. Concepts

w_ch _ _cult toexplainverballyor display

in2-D cam benam_y NustratedwithVIS-SD.

As s presentationtool: Ithas become common

practiceforscientiststoproducea VIS-5D video

toaccompany a _h paper forp_ntation

atconferences.Dung onlyan a_oon's time,

some very info_ve and interestingvideos

have _n _e.

Overall,users seem to be very happy with

VIS-5D'suserinterface.Ithas been our experiencethat

people become proficient with the program alteronly one
or two sessionsand nfinimum instruction.Thisis very

_ortant becausethe averagescientistusuallydoes not

have timetospendlearninga complicatednew software

system.

4. DISTRIBUTED VIS-5D

The p_se of Distribu_ VIS-5D is to allow

_on of very large _ sets (1.0x t0 :I0 data
points). _ is accomp_hed by _vi_g the
_on workload _een two computers.

Essentially, the _S-5D program is split into two p_: a
client and a server. The client program runs on the

user's graphic workstation. It provides the user interface

and _lays the 3-D _hics. The server rum on the
computer where the user's _ are stored, typically a

supercomputer, and is responsible for converting data into
geometric p_tives. When the user wants to view an
iso-levelcontoursurface,slice,etc.,a requestis sent

:from the client to be server. Re server receives the

request,fetches the appropriatedata,computes the iso-

levelcontoursurfaceor slice,and sends the resulting

geomemc descriptionback to the c_ent where it is

_tayed.

The _ests _m the client to the serve_

require li_e n_ork ban_dth. However, the resulting

geom_c desertions sent back may be quite large.
Descriptions of _o-level contour surfaces computed from

a 50 by 50 by 25 point _d are often 100_ in size. A

high speed network is required to sustain interactive rates.
In fact this project is in part funded by the Gigabit

Network Testbe_ project and intended to be a test

applica_onof the network.

Our resting was done using an SGI 340VGX
workstation at the UW Madison and a CRAY-2

superco_uter at the NCSA in Urb_, IL connected by
a T-1 (1.5 Mbps) network. We _overed two main

problems: network congestion and supercomputcr

processscheduling.Sincewe were ce_y nottheonly
users of the network it was inevitable that we would be

compe_g for ban_dth with other users. When the
network was congested we experienced a dramatic

decrease in ban_dth but only moderate inc_ in

latency.We foundjusttheoppositeproblemw_e using

the CRAY-2; the server process would get alternating

short periods of high throughput followed by long periods

of low throughput. The comb_on resulted in the user

observingwildlyv_g performance.

For e_le, ff the user selected an iso-levet

contour surface for viewing and then turned on the
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animate opfon he would see a very uneven frame rate.
is because D_buted VIS-5D only sends requests to

the server on an as-needed basis. When _on is

selected, a _ence of iso-level contour surface _ests
are sent to the server. Since the se_er is a parallel

pm_ and iso-level contour surfaces may _i_
_nt amounts of time to be co.uteri they may be
send back to the client out of order. _, co_unded

with the network Rnd sch_g problems, results in an

uneven _e _. In an _t to solve the problem,

we exp_ented with various tec_ques to adaptively
control the _on _ _n_g on ___lt
mm around time. _e we were mostly __s_, we

found no way to effective|y de_ with _expec_ _ods

of zero _ughput.

__ does _ mean for the u_? D_g

ho_ of heavy network or supereo_uter use, one

encounters a cycle of delays and b_ in __veness.
_ be very distracting _se slowness and delays

make the user won_ ff the _stem has crashed. The

solution is to inc_ the n_ork _ and to ch_ge

the process sch__g on the __uter to _ve a
more even _ughput. We may e_ent in both of
th_ _ when our network is __ded to T3 (45

M_s) and by po_g the server to another

_erco_uter.

Despite the comp_ons involved in
_bu_ _on, it e_ be use_l as long as it

_ows you to do som_g not _s_ble _th a _e

workstation. In o_ _ D_bu_ VIS-SD _ows

_on of much _ger _ sets _an possible

previously.

5. SUMMARY

The developers of VIS-5D have worked closely

with its users _l_g in _ exeeptio_ balance between

_f-use and features.

_rtant themes run _ughout VIS-5D"

Interac_vity:VIS-5D givesquick responsesto

userinput.When _e userdoesnothave towait

forresults,heismore _ely totrynew ideasand

explore_ inmore d_.

Ease of use: Hang a graphical user interface is

not su_cient to _ a program as easy to use.

Our p_oscrphy has been "l_s _ more" when it
comes to _dows and widgets- we avoid

presenting our users with unnecessary and
co__g choices.

Versatility: While VIS-5D has a rich variety of
visualizalion methods, the program itself can be

used in several unique ways.

There shouldbe no questionaboutthevalueof

scientificvimmlizafion.We arenow concernedwithhow

tobest_pplythetechnologyand make itaccessibletothe

people who need it.

6. OBTAINING VIS-5D

_S-SD is av_le _ anonymous _:

% ftp vis5d, ssec. _sc. edu
(or % ftp 144.92.108.66)

1oqin" ano_us

password: myname@mylo cation
ftp> cd pub/_s5d

ftp> as_
ftp> get README

ftp> bye

See see_on 2 of the _ADME file for complete

__on _ctions. Since _S-5D is freeware _ere

is no warranty of any _d. However; we _ try to hetp

wi_ any __ons or problemsaddressedtous.
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